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TECHNIQUES FOR MEASURING
PRODUCTIVE CONGESTION WITHIN AN

ARCHITECTURAL SPACE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority benefit of the Umnited
States Provisional Patent Application ftitled, “TECH-
NIQUES FOR MEASURING PRODUCTIVE CONGES-
TION WITHIN AN ARCHITECTURAL SPACE,” filed on
Mar. 1, 2017 and having Ser. No. 62/465,749. The subject
matter of this related application 1s hereby incorporated
herein by reference.

BACKGROUND
Field of the Various Embodiments

Embodiments of the present invention relate generally to
computer-aided design, and more particularly, to techniques
for measuring productive congestion within an architectural
space.

Description of the Related Art

One technique for designing architectural spaces 1s the
generative design method. The generative design method
uses metaheuristic search techniques to calculate and evalu-
ate numerous design options, and discover the design
options that achieve defined design objectives. This method,
which 1s normally automated, allows a designer to explore
substantially more design options than would be possible
through manual methods.

When designing architectural spaces and layouts associ-
ated with such spaces, a quality that 1s of concern to
designers 1s the congestion quality of a space. Typically,
designers are concerned with the negative congestion quality
of a space (e.g., congestion that causes bottlenecks during an
emergency evacuation). There 1s, however, also a positive
congestion quality of a space, also called “productive con-
gestion” or “buzz,” that a designer may consider when
designing a space. Productive congestion reflects crowding
or congestion that has positive eflects, such as increased
social and professional interactions, serendipitous encoun-
ters, 1ncreased trathc to desired areas, and increased
exchange of 1deas.

One conventional technique for analyzing the congestion
ol an architectural space 1s crowd simulation. Crowd simu-
lation involves simulating the congestion of a space using
dynamic agents. One drawback of the crowd simulation
technique 1s that crowd simulation i1s computationally
expensive and time-consuming. The tracking of many
dynamic agents 1n the simulations expends much computa-
tional time and resources. For example, a crowd simulation
for one design option may take several hours. In generative
design methods that involve evaluating numerous design
options that may number in the thousands or even more, the
excessive time and resource expense of the crowd simula-
tions makes the crowd simulation technique impractical for
use 1n generative design.

Another conventional technique for analyzing the con-
gestion of an architectural space 1s space syntax. The space
syntax technique i1s a collection of methods for applying
static computations to analyze the physical topology and
morphology of a given architectural space. One drawback of
the space syntax technique 1s that the technique 1s based on
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analyzing the physical morphology and topology of a space,
and thus does not yield a defined, quantified metric of
congestion that actually accounts for occupant-level behav-
1iors. Without a well-defined metric for congestion, compar-
ing different design options for congestion optimization
within the generative design method becomes difficult if not
impossible.

As the foregoing illustrates, what 1s needed are more
cllective techniques for evaluating the productive conges-
tion of a design for an architectural space.

SUMMARY

One embodiment of the present invention sets forth a
method for evaluating productive congestion within an
architectural space design. The method includes generating
a space analysis graph for the architectural space design. The
method turther includes determiming a traversal value for at

least a first node of a plurality of nodes included in the space
analysis graph, determining a centroid of the plurality of
nodes, determining a path within the space analysis graph
from at least the first node to the centroid, and determining
a productive congestion metric based on at least the path
from the first node to the centroid and the traversal value of
the first node.

Further embodiments provide, among other things, a
system and a non-transitory computer-readable medium
configured to implement the method set forth above.

At least one advantage and technological improvement of
the disclosed techniques 1s that the productive congestion of
a space 1s measured 1n a computationally mexpensive and
less time-consuming manner relative to conventional tech-
niques. As a result, the productive congestion of multiple
space designs may be measured relatively quickly, making
the optimization of productive congestion 1n designs within
generative design methods practical.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above recited features of
the various embodiments can be understood 1n detail, a more
particular description of the inventive concepts, brietly sum-
marized above, may be had by reference to various embodi-
ments, some of which are 1llustrated 1n the appended draw-
ings. It 1s to be noted, however, that the appended drawings
illustrate only typical embodiments of the mventive con-
cepts and are therefore not to be considered limiting of scope
in any way, and that there are other equally eflective
embodiments.

FIG. 1 illustrates a computing device configured to imple-
ment one or more aspects of the present invention.

FIG. 2 1s a block diagram of a productive congestion
application, according to various embodiments of the pres-
ent 1nvention.

FIG. 3A 1illustrates an exemplary representation of a
design for an architectural space, according to various
embodiments of the present invention.

FIGS. 3B-3F illustrate the generation and evaluation of an
exemplary space analysis graph for the architectural space
design of FIG. 3A, according to various embodiments of the
present 1nvention.

FIG. 4A 1illustrates the space analysis graph of FIGS.
3B-3F with a calculated centroid added to the graph, accord-
ing to various embodiments of the present invention.

FIG. 4B 1illustrates a route from a node 1n the space
analysis graph of FIG. 4A to the calculated centroid 1n the
graph, according to various embodiments of the present
invention.
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FIGS. 5A-5B set forth a flowchart of method steps for
determining a productive congestion metric for an architec-
tural space design, according to various embodiments of the
present invention.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to provide a more thorough understanding of the
various embodiments. However, it will be apparent to one of
skilled 1n the art that the inventive concepts may be practiced
without one or more of these specific details.

FIG. 1 illustrates a computing device 100 configured to
implement one or more aspects of the present invention.
Computing device 100 may be a desktop computer, a laptop
computer, a smart phone, a personal digital assistant (PDA),
tablet computer, or any other type of computing device
configured to receive input, process data, and optionally
display 1images and/or graphics, and is suitable for practicing
one or more embodiments of the present invention. Com-
puting device 100 1s configured to run productive congestion
application 150 that resides in a memory 116. In some
embodiments, computing device 100 1s also configured to
run space design application 118. It 1s noted that the com-
puting device described herein 1s illustrative and that any
other technically {feasible configurations fall within the
scope of the present invention.

As shown, computing device 100 includes, without limi-
tation, an interconnect (bus) 112 that connects one or more
processing units 102, an input/output (I/0) device interface
104 coupled to one or more mput/output (I/0) devices 108,
memory 116, a storage 114, and a network interface 106.
Processing unit(s) 102 may be any suitable processor imple-
mented as a central processing unit (CPU), a graphics
processing unit (GPU), an application-specific integrated
circuit (ASIC), a field programmable gate array (FPGA),
any other type of processing unit, or a combination of
different processing units, such as a CPU configured to
operate 1n conjunction with a GPU. In general, processing
unit(s) 102 may be any technically feasible hardware unit
capable of processing data and/or executing software appli-
cations, including positive congestion application 150. Fur-
ther, 1n the context of this disclosure, the computing ele-
ments shown 1n computing device 100 may correspond to a
physical computing system (e.g., a system 1n a data center)
or may be a virtual computing instance executing within a
computing cloud.

I/0O devices 108 may include devices capable of providing
input, such as a keyboard, a mouse, a touch-sensitive screen,
and so forth, as well as devices capable of providing output,
such as a display device. Additionally, I/O devices 108 may
include devices capable of both receiving input and provid-
ing output, such as a touchscreen, a umversal serial bus
(USB) port, and so forth. I/O devices 108 may be configured
to receive various types of mput from an end-user (e.g., a
designer) of computing device 100, and to also provide
various types of output to the end-user of computing device
100, such as displayed digital images or digital videos or
text. In some embodiments, one or more of IO devices 108
are configured to couple computing device 100 to a network
110.

Network 110 may be any techmically feasible type of
communications network that allows data to be exchanged
between computing device 100 and external entities or
devices, such as a web server or another networked com-
puting device. For example, network 110 may include a
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wide area network (WAN), a local area network (LAN), a
wireless (WiF1) network, and/or the Internet, among others.
Storage 114 may include non-volatile storage for appli-
cations and data, and may include fixed or removable disk
drives, flash memory devices, and CD-ROM, DVD-ROM,
Blu-Ray, HD-DVD, or other magnetic, optical, or solid state
storage devices. Space design application 118 and produc-
tive congestion application 150 may be stored 1n storage 114
and loaded 1into memory 116 when executed. Additionally,
one or more architectural space designs (not shown) and
corresponding data may be stored 1n storage 114.

Memory 116 may include a random access memory
(RAM) module, a flash memory unit, or any other type of
memory unit or combination thereof. Processing unit(s) 102,
I/O device interface 104, and network interface 106 are
configured to read data from and write data to memory 116.
Memory 116 1includes various software programs that can be
executed by processor(s) 102 and application data associated
with said soltware programs, including space design appli-
cation 118 and productive congestion application 150.

Space design application 118 1s a software application
that, when executed by processing unit(s) 102, may provide
to end-users of computing device 100 features associated
with the design of architectural spaces and layouts in such
spaces. In some embodiments, space design application 118
may include a graphical user interface that allows an end-
user to iput one or more designs for a space design project
and to specily any number of design constraints and objec-
tives, and to make changes to the designs and to the
constraints and objectives. Space design application 118
may also provide visual feedback to the end-user (e.g.,
displaying a design from various angles and views, updating
the displayed design in accordance with changes made by
the end-user). Space design application 118 may perform
various analyses on a design, and display results of the
analysis 1n the graphical user interface (e.g., a visualization
of the analysis results) as well.

In some embodiments, space design application 118 1s
configured to provide a feature to create designs according
to a generative design method. When executed by
processor(s) 102, space design application 118 may auto-
matically generate different candidate demgns based on a
base design mput by an end-user and in accordance with
constraints specified by the end-user. Space design applica-
tion 118 evaluates the candidate designs, 1n order to discover
designs that achieve specified design objectives (e.g., opti-
mization ol one or more parameters, meeting certain require-
ments). For example, an end-user may mput a base design
(e.g., the outer boundary of a space, ingress(es), and egress
(es)) and specily certain constraints and objectives. Space
design application 118 generates candidate designs from the
base design in accordance with the specified constraints
(e.g., designs that includes different layouts for the space),
and evaluates the candidate designs with respect to the
specified objectives. Space design application 118 may
identily one or more of the candidate designs that achieve
the objectives, and may present these identified designs to
the end-user. The number of candidate designs that space
design application 118 may generate and evaluate may be
any number (e.g., thousands or even more).

In some embodiments, the objectives to be achieved may
include optimization of certain characteristics or properties.
For example, a space may be required to have as much
sunlight as feasible, to have at least a certain level of views
to the outside, and so on. In some embodiments, a charac-
teristic or property may be expressed as a value that repre-
sents a metric for the characteristic or property, and a
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definition of what values of the metric are desirable (e.g.,
higher the value the better, lower the value the better, values
within a defined range are desirable, values outside of a
defined range are desirable, the value must be above or
below a threshold, etc.). A metric value for a characteristic
or property may be determined for each candidate design.
The values are compared amongst the candidate designs and
to the desirable value definition in order to identity the
candidate design(s) that optimize the metric for the charac-
teristic or property. The end-user may specily multiple
characteristics or properties to be optimized, and space
design application 118 may evaluate candidate designs to
optimize the respective metrics corresponding to the char-
acteristics or properties.

A property that may be specified for optimization 1n a
design 1s productive congestion. Productive congestion
reflects congestion that has positive eflects, as opposed to
congestion that has negative eflects (e.g., congestion that
causes unsaie bottlenecks). In operation, productive conges-
tion application 150 determines a productive congestion
metric value for the design. In some embodiments, the
metric value 1s determined by generating space analysis
graph for the design, evaluating the space analysis graph,
and determining the value based on the evaluation. The
determined productive congestion metric value may be
provided to space design application 118 (e.g., for compari-
son with the productive congestion metric values of other
designs). In some embodiments, productive congestion
application 150 1s a sub-application or sub-module of space
design application 118 (e.g., a component application or
module, an add-on, a plug-in).

FIG. 2 1s a block diagram of productive congestion
application 150, according to various embodiments of the
present imvention. As shown, productive congestion appli-
cation 150 includes analysis graph generation module 152,
shortest path routing module 154, traversal value module
156, centroid calculation module 158, and productive con-
gestion metric module 160. Productive congestion applica-
tion 150 receives as mput a design 202 for an architectural
space. Design 202 corresponds to a two-dimensional, top-
down view of the architectural space. Design 202 may be,
for example, a candidate design generated by space design
application 118. As another example, design 202 may be a
complete design mput by an end-user within space design
application 118.

After productive congestion application 150 receives
design 202, analysis graph generation module 152 generates
a space analysis graph for design 202. The space analysis
graph simulates possible traversal routes within the space of
design 202. The source and sink points are incorporated into
the space analysis graph. The space analysis graph accounts
for the boundaries 1n design 202.

Shortest path routing module 154 determines a shortest
path from each source point to each sink point within the
space analysis graph. Traversal value module 156 deter-
mines a traversal value for each node 1n the space analysis
graph. The traversal value for a node 1s related to the number
of times the node 1s traversed by the source-point to sink-
point paths determined by shortest path routing module 154.
In some embodiments, traversal value module 156 also
dissipates, for a given node, the traversal value of the node
among 1itself and 1ts adjacent nodes, and determines the new
traversal value for the node. In some embodiments, the
dissipation may be performed by another module (not
shown) 1n productive congestion application 150. The short-
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est path routing module 154 may determine shortest paths
using any suitable technique or algorithm (e.g., Dikstra’s
algorithm).

Centroid calculation module 138 calculates a centroid of
the nodes of the space analysis graph, and incorporates the
centroid into the space analysis graph. Shortest path routing
module 154 determines a shortest path from each node in the
graph to the centroid using any suitable technique or algo-
rithm (e.g., Dykstra’s algorithm). Productive congestion
metric module 160 determines a productive congestion
metric value 204 for design 202 by summing weighted
lengths of the node-to-centroid paths. The value 204 may be
transmitted to space design application 118. Space design
application 118 may compare values 204 of multiple designs
202 to identity one or more designs that optimize productive
congestion (e.g., have the highest value 204).

Further details regarding the process, by productive con-
gestion application 150, for determining productive conges-
tion metric value 204 for design 202 will now be described
below, with reference to FIGS. 3A-5B.

FIG. 3A illustrates an exemplary representation of a
design 300 for an architectural space, according to various
embodiments of the present invention. Design 300 illustrates
a design that may be received as design 202 by productive
congestion module 150.

Design 300 includes multiple elements. In some embodi-
ments, design 300 1includes specifications of an outer bound-
ary, one or more mner boundaries within the outer boundary,
one or more movement source points, and one or more
movement sink points. The outer boundary corresponds to
the outer limits or enclosure of the space being designed
(e.g., the walls of a convention hall space, the sides of the
area ol the space being designed). In some embodiments, the
outer boundary 1s represented 1 design 300 by a closed
polyline (e.g., a stmple polygon). As shown i1n FIG. 3A,
design 300 includes outer boundary 302, shown as a closed
polyline.

Inner boundaries may include any boundaries that are
located 1n the space within the outer boundary. The 1nner
boundaries represent obstacles within the space that occu-
pants are not intended to pass through. Examples of inner
boundaries may include, without limitation, walls within the
space (e.g., walls of interior rooms, walls of an interior
clevator shatit, walls of interior offices), desks or banks of
desks, cubicles or banks of cubicles, exhibition booths or
stages, support structures (e.g., pillars), barriers, fencing,
aesthetic features (e.g., water fountain, vegetation area), and
so on. An inner boundary may be represented 1n design 300,
depending on the particular boundary, by a closed or a
non-closed polyline. As shown, design 300 includes inner
boundaries 304 and 306, both of which are shown as closed
polylines.

In some embodiments, 1f an outer or inner boundary
within design 300 has any curving in the top-down view
(e.g., a semi-circular wall, an elliptical meeting room), space
design application 118 or productive congestion application
150 may substitute the curved boundary with a polyline that
approximates the curved boundary (e.g., a best-fit polyline)
for purposes of determining the productive congestion met-
ric value, without necessarily moditying the design 300
itsellf.

A movement source point (heremaiter “source point™)
represents a source of occupant movement or locations from
which occupants are coming. Examples of source points
include, without limitation, entrance(s) or ingresses into the
space, employee desks, and so on. Source points may be
specified by the end-user via space design application 118.
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In some embodiments, a source point may be included for
cach expected occupant of the space (e.g., a source point for
cach desk 1n an oflice space). These source points for each
expected occupant may be 1n addition to any other defined
source points (e.g., source points corresponding to
entrances, etc.). As shown i FIG. 3A, design 300 includes
source points 308 and 310.

A movement sink point (heremaiter “sink point™) repre-
sents a sink of occupant movement or locations to which
occupants are going. Examples of sink points include,
without limitation, an entrance or ingress into a common
area within the space, an entrance or ingress into a break
room in an oflice, an enfrance or ingress nto an interior
meeting room, shops or storefronts 1 a shopping mall,
exhibition booths in an exhibition hall, exits or egresses
from the space, and so on. Sink points may be specified by
the end-user via space design application 118. As shown in
FIG. 3A, design 300 includes sink points 312 and 314.

In some embodiments, a source point and a sink point
may overlap (e.g., located at the substantially the same
location). For example, a main doorway into the space may
be both a source point of occupants entering and a sink point
of occupants exiting. Overlapping source and sink points
may be treated as distinct points that have the same coor-
dinates.

FIGS. 3B-3F illustrate the generation and evaluation of an
exemplary space analysis graph 316 for the architectural
space design 300 of FIG. 3A, according to various embodi-
ments of the present invention. FIG. 3B illustrates an 1nitial
space analysis graph 316 that may be generated by analysis
graph generation module 152 for design 300. The initial
space analysis graph 316 includes a grid of nodes, and edges
connecting the nodes. Each node 1n the iitial graph includes
edges that connect the node to its immediate horizontally,
vertically, and diagonally adjacent nodes. Thus, a node 1n the
initial graph 316 may have up to eight adjacent nodes (one
in each horizontal, vertical, and diagonal direction). For
example, node 318 i1s connected to each of 1ts eight hori-
zontally, vertically, and diagonally adjacent nodes by respec-
tive edges, including edges 320 and 322 among others. As
another example, node 324 1s also 1s connected to each of 1ts
eight horizontally, vertically, and diagonally adjacent nodes
by respective edges. Thus, initial graph 316 includes a grid
ol nodes, and multiple straight edges and diagonal edges.

In some embodiments, the grid of nodes 1s generated by
generating a bounding box around design 300, and gener-
ating the grid of nodes 1n the bounding box. Nodes of the
orid may be aligned with one or more sides of the bounding
box. As shown 1n FIG. 3B, the sides of the grid of graph 316
correspond to the sides of a bounding box around design
300.

In some embodiments, the nodes in the grid of nodes are
evenly spaced according to a defined grid resolution. The
even spacing produces a regular sampling of the space 1n the
design 300. The resolution specifies the horizontal and
vertical spacing distance of the nodes in the grid. In some
embodiments, the resolution 1s one meter; nodes are spaced
horizontally and vertically at a distance that, according to the
scale of design 300, corresponds to one meter in real life. In
some embodiments, the one-meter resolution 1s a default
resolution, and the resolution may be specified or changed
by an end-user.

FIG. 3B shows graph 316 overlaid onto design 300. As
shown 1n FIG. 3B, graph 316 covers the entirety of design
300. In some embodiments, design 300 1s centered within
the area covered by graph 316 when overlaying graph 316
over design 300. In some other embodiments, a side or outer
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corner of design 300 may be aligned with a side or corner,
respectively, of the area covered by graph 316.

As shown i FIG. 3B, graph 316 includes edges that
intersect the outer or inner boundaries of design 300. FIG.
3C 1llustrates graph 316 with the edges that intersect bound-
aries ol design 300 removed from graph 316. Thus, for
example, node 324 lost one connecting edge out of 1ts eight
connecting edges due to the removal of an edge that intersect
one or more boundaries. On the other hand, node 318 did not
lose any of its eight connecting edges because none of 1ts
connecting edges itersects a boundary. In FIG. 3C, nodes of
graph 316 that are outside of outer boundary 302 have been
removed from graph 316 as well. Thus, graph 316 1n FIG.
3C 1s a disconnected graph, with a portion of graph 316
inside inner boundary 304. In some embodiments, the por-
tion of graph 316 1nside inner boundaries (e.g., the portion
inside mner boundary 304) may be disregarded when evalu-
ating the graph 316.

FIG. 3D illustrates graph 316 with source points 308, 310,
and sink points 312, 314 incorporated into graph 316. Edges
that connect a source point or sink point to nodes that are
within the grid resolution distance are added to graph 316.
Thus, for example, source point 310 1s connected to two
nodes 1n graph 316 by edges 326 and 328, respectively. In
this manner, disconnected portions of graph 316 may be
reconnected via source and sink points. For example, the
portion of graph 316 within mner boundary 304 1s recon-
nected to the other portions of graph 316 via sink point 312.

In some embodiments, one or more source point-sink
point pairs may be weighted. Weights may be specified for
such pairs to count certain traversal paths from source points
to sink points more (e.g., the weight may be set to be greater
than 1 because the path 1s considered important or highly
traflicked) or less (e.g., the weight may be set to zero to
disregard certain paths) in the evaluation of graph 316.

In some embodiments, 11 a source point (or sink point) 1s
within a predefined distance tolerance from a node 1n graph
316, then the source point (or sink point) 1s considered to be
at the same location as that node, and the source point (or
sink point) may share the edges connected to that node. That
1s, edges connected to that node are also connected to the
source point (or sink point) as well. One or more edges may
still be generated to connect the source point (or sink point)
to other nodes that are within the grid resolution distance.

FIG. 3E illustrates path 330 that 1s the shortest path
between source point 310 and sink point 314. Evaluation of
graph 316 includes determining a shortest path from each
source point to each sink point. Thus, 1n addition to path 330,
shortest paths from source point 310 to sink point 312, from
source point 308 to sink point 312, and from source point
308 to sink point 314, are also determined.

For each node on path 330 (not including the starting
source point and the ending sink point of the path), a
traversal value of the node 1s increased by one multiplied by
a weight of the source point 310-sink point 314 pair, as a
result of being traversed by the path 330. For example, if a
node 1s included along four source-point to sink-point paths
(1.e., the node 1s traversed by each of the four paths), and the
weights of the source point-sink point pairs of the four paths
are 1, 1, 5, and 0.3, then the traversal value for the node 1s
(1*D)+(1*1)+(1*5)+(1*0.3)=7.3.

FIG. 3F 1llustrates directions of traversal value dissipation
for node 324 1n graph 316. In some embodiments, after
shortest paths for each source point-sink point pair are
determined and traversal values for each node 1n graph 316
are determined, traversal values for each node 1n graph 316
are dissipated among the node itself and its connected
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adjacent nodes, not including source and sink points. Thus,
for example, the traversal value of node 324 1s divided by 8
(node 324 itself and 7 connected adjacent nodes); each of
node 324 and 1its 7 connected adjacent nodes receive an
cighth of the traversal value of node 324. In some embodi-
ments, dissipation of traversal values may be performed for
graph 326 for multiple 1terations (e.g., for a preset amount
of 1terations, until a sum of the deltas 1n traversal values
betfore and after dissipation within an 1teration 1s less than a

predefined threshold).

FIG. 4A 1llustrates the space analysis graph of FIGS.
3B-3F with a calculated centroid added to the graph, accord-
ing to various embodiments of the present invention. After
the dissipation of traversal values 1n graph 316 1s completed,
a centroid 402 of the nodes in graph 316 1s calculated and
incorporated into graph 316. In some embodiments, the (x,
y) coordinates of the centroid 1s the weighted mean of the (x,
y) coordinates of the nodes of graph 316, not including the
source and sink points, that have non-zero traversal values.
The (X, v) coordinates of each node 1s weighted by the
traversal value of the node, and the weighted coordinates are
used to calculate the centroid.

FIG. 4B illustrates a route from a node in the space
analysis graph of FIG. 4A to the calculated centroid 1n the
graph, according to various embodiments of the present
invention. FIG. 4B illustrates path 406 that 1s the shortest
path from node 404 of graph 316 to centroid 402. Evaluation
of graph 316 includes determining a shortest path from node
of graph 316 that has a non-zero traversal value to centroid
402. To determine a productive congestion metric value for
design 300, the lengths of the node-to-centroid paths,
weighted by the traversal value of the node, are summed,
where the length of the path 1s the number of edges on the
path from the node to the centroid.

FIGS. 5A-5B set forth a flowchart 500 of method steps for
determining a productive congestion metric for an architec-
tural space design, according to various embodiments of the
present invention. Although the method steps are described
in conjunction with the systems of FIGS. 1-4B, persons
skilled 1n the art will understand that any system configured
to perform the method steps, 1n any order, 1s within the scope
ol the present invention.

As shown, a method 500 begins at step 502, where
productive congestion application 150 receives a space
design with boundaries and movement sources and sinks.
Productive congestion application 130 receives an 1nput
design 202 from space design application 118. For example,
productive congestion application 150 may receive design
300 (FIG. 3A) as mput. Design 300 includes specifications
of outer boundaries, inner boundaries, source points, and
sink points. In some embodiments, design 300 also includes
welghts for one or more source point-sink point pairs. If a
weight 1s not specified for a source point-sink point pair, the
weight of the pair defaults to 1. Accordingly, 11 no weights
are defined at all for any pair, then the weight of all of the
pairs 1s 1. The weights of source point-sink point pairs may
specified 1n any suitable manner, such as a matrix.

In some embodiments, if a boundary 1n the input design
includes a rounded portion, productive congestion applica-
tion 150 may substitute the rounded portion (e.g., at pre-
processing) with a polyline that approximates the rounded
portion (e.g., a best-1it polyline).

At step 504, analysis graph generation module 152 gen-
erates a grid of nodes and edges connecting each node to 1ts
adjacent nodes. For example, as shown 1 FIG. 3B, graph
316 with a grid of nodes and edges 1s generated by analysis
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graph generation module 152 and overlaid over design 300.
The grid of nodes may be evenly spaced at a defined grid
resolution (e.g., one meter).

At step 506, analysis graph generation module 152
removes from the graph edges that intersect any boundary
and nodes outside of the outer boundary. For example, as
shown 1 FIG. 3C, edges in graph 316 that intersect any of
the outer or imnner boundaries are removed. Edges that
intersect a boundary may be determined using any suitable
technique or algorithm. Nodes that are located outside of the
outer boundary 302 are removed as well.

At step 508, analysis graph generation module 152 gen-
erates one or more edges that connect sources and sinks to
neighboring nodes 1n the graph. Source points and sink
points are incorporated into the graph by connecting these
points to their adjacent nodes within the grid resolution
distance with additional edges. An edge to connect a source
point or sink point to an adjacent node may be generated 1
the edge does not intersect a boundary. For example, as
shown in FIG. 3D, edges 326 and 328 are generated to
connect source point 310 to its adjacent nodes.

At step 510, shortest path routing module 154 determines
a shortest path in the graph from a source point to a sink
point. For example, as shown 1n FIG. 3E, a shortest path 330
in graph 316 from source point 310 to sink point 314 1is
determined. For this shortest path determination at step 510,
the start point 1s a source point, and the ending point 1s a sink
point.

At step 512, traversal value module 156 updates traversal
values for each node traversed by the shortest path deter-
mined 1n step 510. Thus, for example, in FIG. 3E, each node
on path 330 has 1ts traversal value increased by one multi-
plied by the weight of the source point 310-sink point 314
pair. Prior to step 510, each node 1n the graph (e.g., graph
316) starts with a traversal value of O.

A shortest path 1s determined for each source point-sink
point pair. Thus, at step 514, shortest path routing module
154 determines 11 there 1s another sink point to route to for
a given source point. If shortest path routing module 154
determines that there 1s another sink point to route to for a
given source point, then method 500 returns to step 510,
where shortest path routing module 154 determines a short-
est path from the given source point to the another sink
point. If shortest path routing module 154 determines that
there 1s no more sink points to route to for a given source
point, then method 500 proceeds to step 516.

At step 516, shortest path routing module 154 determines
if there 1s another source point to route from (1.¢., for which
shortest paths to sink points need to be determined). If
shortest path routing module 154 determines that there 1s
another source point to route from, then method 500 returns
to step 510, where shortest path routing module 154 deter-
mines a shortest path from the another source point to a sink
point. If shortest path routing module 154 determines that
there 1s no more source points to route from, then method
500 proceeds to step 518, shown 1n FIG. 5B.

At step 518, traversal value module 156 dissipates the
traversal value of a node 1n the graph amongst the node and
its adjacent nodes (not including source points and sink
points). For example, in FIG. 3F, the traversal value of node
324 1s divided by 8 (the node itself plus 7 adjacent nodes).
Thus, 1f the traversal value for node 324 1s 80, then each of
node 324 and the adjacent nodes of node 324 gets 10. The
10 for each of these nodes may be added to other dissipated
traversal values received from other nodes. In some embodi-
ments, the dissipated traversal values are not added to the
original pre-dissipation traversal value (e.g., a node, before
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its original traversal value 1s dissipated 1n the iteration, that
receives dissipated values from other nodes does not have its
original traversal value increased by the received dissipated
values). Thus, node traversal values are tracked and stored
for each node. In some embodiments, edge traversals (e.g.,
how many times 1s an edge included 1n the paths) may be
tracked and stored as well for visualization purposes.

Traversal values are dissipated for each node, in each of
multiple dissipation iterations. Thus, at step 520, traversal
value module 156 determines if there 1s another node in the
graph for which dissipation 1s to be performed 1n the current
iteration. If traversal value module 156 determines that there
1s another node for which dissipation 1s to be performed 1n
the current iteration, then method 500 returns to step 518,
where traversal value module 156 dissipates the traversal
value for the another node. If traversal value module 156
determines that 1s no more nodes for which dissipation 1s to
be performed in the current iteration, then method 500
proceeds to step 522.

At step 521, traversal value module 156 determines the
new traversal values for each node in the graph. In some
embodiments, the new traversal value for a node 1s deter-
mined by summing the dissipated traversal values the node
has received from other nodes and from the dissipation of its
own original traversal value.

At step 522, traversal value module 156 determines 1f
there 1s another 1teration of dissipations to be performed. IT
traversal value module 156 determines that there 1s another
iteration of dissipation to be performed, then method 500
returns to step 518, where traversal value module 156
dissipates the traversal value of a node in a new iteration. If
traversal value module 156 determines that there are no
more 1terations ol dissipations to perform, then method 500
proceeds to step 524.

In some embodiments, the number of iterations 1s pre-
defined (e.g., 2-5 1terations). Thus, traversal value module
156 may track the current iteration and compare to the
predefined number of iterations. In some other embodi-
ments, a criterion for stopping the iterations 1s that the
dissipations converge. In some embodiments, a heuristic for
convergence of the dissipations 1s that a sum or a mean of
the deltas 1n traversal values of the nodes at the end of an
iteration 1s less than a predefined threshold. The delta of a
traversal value for a node 1s the difference in the traversal
value at the beginning of the iteration (before the dissipa-
tions for the iteration) and at the end of the iteration (after
the dissipations for the iteration).

At step 524, centroid calculation module 158 calculates a
centroid of the nodes of the graph, and incorporates the
centroid into the graph. For example, as shown in FIG. 4A,
centroid 402 1s calculated and incorporated mto graph 316.
In some embodiments, the centroid 1s calculated as a
welghted mean of the (X, y) coordinates of the nodes of the
graph with non-zero traversal values. The (X, v) coordinates
for a node 1 the centroid calculation 1s weighted (multi-
plied) by the traversal value of the node.

At step 526, shortest path routing module 154 determines
a shortest path in the graph from a node in the graph (not
including source points and sink points) to the centroid. For
example, as shown 1n FIG. 3B, a shortest path 406 in graph
316 from node 404 to centroid 402 1s determined. For this
shortest path determination at step 526, the start point i1s a
node in the graph (not including the source points, sink
points, and the centroid), and the ending point 1s the cen-
troid.

A shortest path 1s determined for each node-centroid patr.
Thus, at step 3528, shortest path routing module 154 deter-
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mines 1f there 1s another node from which to route to the
centroid. If shortest path routing module 154 determines that
there 1s another node from which to route to the centroid,
then method 500 returns to step 526, where shortest path
routing module 154 determines a shortest path from the
another node to the centroid. I1 shortest path routing module
154 determines that there 1s no more nodes from which to
route to the centroid, then method 500 proceeds to step 530.

At step 530, productive congestion metric module 160
calculates a productive congestion metric value 204 for the
design by summing the weighted lengths of the node-
centroid paths. The length of a node-centroid path 1s the
number of edges 1n the path. The length 1s weighted by the
traversal value of the starting node of the path. The result of
the calculation 1s a single value that represents the produc-
tive congestion metric of the design, in which the higher the
value the better the productive congestion (i.e., higher
values are more desirable). The value may be transmitted to
space design application 118. Space design application 118
may use the value 204 within a generative design process
(e.g., to compare respective values 204 for multiple designs
to 1dentily one or more designs with optimal productive
congestion while also achieving other defined design objec-
tives).

In some embodiments, space design application 118 may
present to end-users (e.g., 1n a user interface of space design
application 118) visualizations of the graph evaluation per-
formed by productive congestion application 150, and the
productive congestion metric value. For example, space
design application 118 may display the productive conges-
tion metric value to the end-user. Space design application
118 may also display a grnid of nodes of the space analysis
graph over the design, where the nodes are displayed with
varying sizes based on traversal value (e.g., the larger the
traversal value, the larger the size of the displayed node).
Along with the grid of nodes, space design application 118
may display certain source-point to sink-point paths, with
path thickness varying based on weights of the source
point-sink point pairs. Space design application 118 may
also display heat maps of traversal values over the design. In
this manner, the space analysis graph and the evaluation
thereof, and the productive congestion metric value, may be
used 1n manual design processes as well. For example, a
designer may manually create or change a design, and
teedback regarding the productive congestion of the created
or changed design (e.g., productive congestion metric value,
heat maps, etc.) may be communicated to the user quickly.

In sum, the disclosed techniques may be used to measure
the productive congestion ol an architectural space design.
In operation, a productive congestion application generates
a space analysis graph for a space design that includes
defined boundaries and sources and sinks of occupant move-
ment. Traversals from sources to sinks are evaluated based
on the analysis graph, and values are determined for the
nodes of the analysis graph based on the evaluated travers-
als. A centroid 1s then added to the analysis graph, and routes
from nodes in the graph to the centroid are evaluated. A
productive congestion metric 1s calculated for the design
based on the routes to the centroid.

An advantage and technological improvement of the
disclosed techniques 1s that the productive congestion of a
space 1s measured 1 a computationally inexpensive manner
relative to conventional techniques. Another advantage and
technological improvement of the disclosed techmiques 1s
that the productive congestion of a space 1s quantified into
a single numerical metric. These advantages facilitate incor-
poration of the disclosed techniques into generative design
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methods, 1n order that the productive congestion may be
optimized amongst the many design options evaluated under
those generative design methods.

1. In some embodiments, a method for evaluating pro-
ductive congestion within an architectural space design
comprises generating a space analysis graph for the archi-
tectural space design; determining a traversal value for at
least a first node of a plurality of nodes included in the space
analysis graph; determining a centroid of the plurality of
nodes; determiming a path within the space analysis graph
from at least the first node to the centroid; and determining
a productive congestion metric based on at least the path
from the first node to the centroid and the traversal value of
the first node.

2. The method of clause 1, wherein the architectural space
design comprises one or more boundaries, one or more
movement source points, and one or more movement sink
points.

3. The method of clauses 1 or 2, wheremn a boundary
included 1n the one or more boundaries comprises a polyline.

4. The method of any of clauses 1-3, wherein generating,
the space analysis graph comprises: generating a grid of
nodes and a first set of edges, wherein each edge included in
the first set of edges connects a node 1n the grid of nodes to
an adjacent node in the grid of nodes; overlaying the grid of
nodes and the first set of edges onto the architectural space
design; removing one or more edges included 1n the first set
ol edges that intersect one or more boundaries included 1n
the architectural space design; generating a second set of
edges, wherein each edge included in the second set of edges
connects a movement source point included in the architec-
tural space design to a node 1n the grnid of nodes adjacent to
the movement source point; and generating a third set of
edges, wherein each edge included 1n the third set of edges
connects a movement sink point included in the architectural
space design to a node 1n the grid of nodes adjacent to the
movement sink point.

5. The method of any of clauses 1-4, wherein the nodes 1n
the grid of nodes are evenly spaced.

6. The method of any of clauses 1-5, wherein determining
the traversal value for the first node comprises: determining,
for a first movement source point included in the space
analysis graph, a shortest path in the space analysis graph
from the first movement source point to a first movement
sink point included 1n the space analysis graph; determining
that the first node 1s located along the shortest path; and in
response, increasing the traversal value of the first node.

7. The method of any of clauses 1-6, wherein determining,
the traversal value for the first node further comprises
dividing the traversal value of the first node between the first
node and one or more adjacent nodes of the first node.

8. The method of any of clauses 1-7, wherein determining
the path within the space analysis graph from the first node
to the centroid comprises determining a shortest path from
the first node to the centroid.

9. The method of any of clauses 1-8, wherein the pro-
ductive congestion metric 1s based on the length of the path
from the first node to the centroid.

10. The method of any of clauses 1-9, wherein the length
of the path from the first node to the centroid 1s weighted by
the traversal value of the first node.

11. In some embodiments, a non-transitory computer
readable medium stores instructions that, when executed by
a processor, cause the processor to perform the steps of
generating a space analysis graph for the architectural space
design; determining a traversal value for at least a first node
of a plurality of nodes 1included in the space analysis graph;
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determining a centroid of the plurality of nodes; determining
a path within the space analysis graph from at least the first
node to the centroid; and determining a productive conges-
tion metric based on at least the path from the first node to
the centroid and the traversal value of the first node.

12. The computer storage medium of clause 11, wherein
generating the space analysis graph comprises generating a
orid of nodes and a first set of edges, wherein each edge
included 1n the first set of edges connects a node 1n the grid
of nodes to an adjacent node 1n the grid of nodes; overlaying
the grid of nodes and the first set of edges onto the
architectural space design; removing one or more edges
included in the first set of edges that intersect one or more
boundaries included in the architectural space design; gen-
erating a second set of edges, wherein each edge included 1n
the second set of edges connects a movement source point
included 1n the architectural space design to a node in the
orid of nodes adjacent to the movement source point; and
generating a third set of edges, wherein each edge included
in the third set of edges connects a movement sink point
included 1n the architectural space design to a node in the
orid of nodes adjacent to the movement sink point.

13. The computer storage medium of clauses 11 or 12,
wherein the nodes i the grid of nodes are spaced in
accordance with a defined grid resolution.

14. The computer storage medium of any of clauses
11-13, wherein determining the traversal value for the first
node comprises determining, for a first movement source
point included in the space analysis graph, a shortest path in
the space analysis graph from the first movement source
point to a first movement sink point included 1n the space
analysis graph; determining that the first node 1s located
along the shortest path; and in response, increasing the
traversal value of the first node.

15. The computer readable medium of any of clauses
11-14, wherein the increase of the traversal value of the first
node 1s weighted by a weight associated with a pairing of the
first movement source point and the first movement sink
point.

16. The computer readable medium of any of clauses
11-15, wherein determining the centroid of the plurality of
nodes comprises determining the centroid based on at least
coordinates of the first node, wherein the coordinates of the
first node are weighted by the traversal value of the first
node.

1”7. The computer readable medium of any of clauses
11-16, wherein determining the path within the space analy-
s1s graph from the first node to the centroid comprises
determining a shortest path from the first node to the
centroid.

18. The computer readable medium of any of clauses
11-1°7, wherein the productive congestion metric 1s based on
the length of the path from the first node to the centroid.

19. The computer readable medium of any of clauses
11-18, wherein the length of the path from the first node to
the centroid 1s weighted by the traversal value of the first
node.

20. In some embodiments, a system comprises a memory
that stores 1nstructions, and a processor that 1s coupled to the
memory and, when executing the instructions, 1s configured
to generate a space analysis graph for the architectural space
design; determine a traversal value for at least a first node of
a plurality of nodes included in the space analysis graph;
determine a centroid of the plurality of nodes; determine a
path within the space analysis graph from at least the first
node to the centroid; and determine a productive congestion
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metric based on at least the path from the first node to the
centroid and the traversal value of the first node.

Any and all combinations of any of the claim elements
recited 1n any of the claims and/or any elements described in
this application, in any fashion, fall within the contemplated
scope of the present mnvention and protection.

The descriptions of the various embodiments have been
presented for purposes of 1llustration, but are not mtended to
be exhaustive or limited to the embodiments disclosed.
Many modifications and variations will be apparent to those
of ordinary skill 1n the art without departing from the scope
and spirit of the described embodiments.

Aspects of the present embodiments may be embodied as
a system, method or computer program product. Accord-
ingly, aspects of the present disclosure may take the form of
an entirely hardware embodiment, an enftirely software
embodiment (including firmware, resident software, micro-
code, etc.) or an embodiment combining software and
hardware aspects that may all generally be referred to herein
as a “module” or “system.” Furthermore, aspects of the
present disclosure may take the form of a computer program
product embodied 1n one or more computer readable medi-
um(s) having computer readable program code embodied
thereon.

Any combination of one or more computer readable
medium(s) may be utilized. The computer readable medium
may be a computer readable signal medium or a computer
readable storage medium. A computer readable storage
medium may be, for example, but not limited to, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, apparatus, or device, or any suitable
combination of the foregoing. More specific examples (a
non-exhaustive list) of the computer readable storage
medium would include the following: an electrical connec-
tion having one or more wires, a portable computer diskette,
a hard disk, a random access memory (RAM), a read-only
memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a
portable compact disc read-only memory (CD-ROM), an
optical storage device, a magnetic storage device, or any
suitable combination of the foregoing. In the context of this
document, a computer readable storage medium may be any
tangible medium that can contain, or store a program for use
by or in connection with an instruction execution system,
apparatus, or device.

Aspects of the present disclosure are described above with
reference to flowchart illustrations and/or block diagrams of
methods, apparatus (systems) and computer program prod-
ucts according to embodiments of the disclosure. It will be
understood that each block of the flowchart illustrations
and/or block diagrams, and combinations of blocks 1n the
flowchart 1llustrations and/or block diagrams, can be 1mple-
mented by computer program instructions. These computer
program 1nstructions may be provided to a processor of a
general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine. The instructions, when executed via the processor
of the computer or other programmable data processing
apparatus, enable the implementation of the functions/acts
specified 1n the flowchart and/or block diagram block or
blocks. Such processors may be, without limitation, general
purpose processors, special-purpose processors, application-
specific processors, or field-programmable gate arrays.

The flowchart and block diagrams 1n the figures illustrate
the architecture, functionality, and operation of possible
implementations of systems, methods and computer pro-
gram products according to various embodiments of the

5

10

15

20

25

30

35

40

45

50

55

60

65

16

present disclosure. In this regard, each block 1n the flowchart
or block diagrams may represent a module, segment, or
portion of code, which comprises one or more executable
instructions for 1mplementing the specified logical
function(s). It should also be noted that, in some alternative
implementations, the functions noted 1n the block may occur
out of the order noted 1n the figures. For example, two blocks
shown 1n succession may, 1n fact, be executed substantially
concurrently, or the blocks may sometimes be executed 1n
the reverse order, depending upon the functionality
involved. It will also be noted that each block of the block
diagrams and/or tflowchart illustration, and combinations of
blocks 1n the block diagrams and/or flowchart illustration,
can be mmplemented by special purpose hardware-based
systems that perform the specified functions or acts, or
combinations of special purpose hardware and computer
instructions.

While the preceding 1s directed to embodiments of the
present disclosure, other and further embodiments of the
disclosure may be devised without departing from the basic
scope thereof, and the scope thereof 1s determined by the
claims that follow.

What 1s claimed 1s:

1. A method for evaluating productive congestion within
an architectural space design, comprising:

generating a space analysis graph for the architectural

space design;

determiming a traversal value for at least a first node of a

plurality of nodes included 1n the space analysis graph;
determining a centroid of a node group comprising the
plurality of nodes;

determining a path within the space analysis graph from

at least the first node to the centroid;

determining a productive congestion metric for the archi-

tectural space design based on at least the path from the
first node to the centroid and the traversal value of the
first node; and

comparing the productive congestion metric determined

for the architectural space design with another produc-
tive congestion metric determined for another architec-
tural space design to i1dentily a preferred architectural
space design.

2. The method of claim 1, wherein the architectural space
design comprises one or more boundaries, one or more
movement source points, and one or more movement sink
points.

3. The method of claim 2, wherein a boundary included 1n
the one or more boundaries comprises a polyline.

4. The method of claim 1, wherein generating the space
analysis graph comprises:

generating a grid of nodes and a first set of edges, wherein

cach edge included in the first set of edges connects a
node 1n the grid of nodes to an adjacent node 1n the grid
of nodes;

overlaying the grid of nodes and the first set of edges onto

the architectural space design;

removing one or more edges included in the first set of

edges that intersect one or more boundaries included 1n
the architectural space design;

generating a second set of edges, wherein each edge

included in the second set of edges connects a move-
ment source point icluded 1n the architectural space
design to a node 1n the grid of nodes adjacent to the
movement source point; and

generating a third set of edges, wherein each edge

included in the third set of edges connects a movement
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sink point included in the architectural space design to
a node 1n the grid of nodes adjacent to the movement
sink point.

5. The method of claim 4, wherein the nodes 1n the grid
of nodes are evenly spaced.

6. The method of claim 1, wherein determining the
traversal value for the first node comprises:

determining, for a first movement source point included in

the space analysis graph, a shortest path in the space
analysis graph from the first movement source point to
a first movement sink point included in the space
analysis graph;

determining that the first node 1s located along the shortest

path; and

in response, increasing the traversal value of the first

node.

7. The method of claim 6, wherein determining the
traversal value for the first node further comprises dividing,
the traversal value of the first node between the first node
and one or more adjacent nodes of the first node.

8. The method of claim 1, wherein determining the path
within the space analysis graph from the first node to the
centroid comprises determining a shortest path from the first
node to the centroid.

9. The method of claim 1, wherein the productive con-

gestion metric 1s based on the length of the path from the first
node to the centroid.

10. The method of claim 9, wherein the length of the path
from the first node to the centroid 1s weighted by the
traversal value of the first node.

11. One or more non-transitory computer-readable media
storing 1nstructions that, when executed by one or more
processors, cause the one or more processors to perform the
steps of:

generating a space analysis graph for the architectural

space design;

determining a traversal value for at least a first node of a

plurality of nodes included 1n the space analysis graph;
determining a centroid of a node group comprising the
plurality of nodes;

determining a path within the space analysis graph from

at least the first node to the centroid;

determining a productive congestion metric for the archi-

tectural space design based on at least the path from the
first node to the centroid and the traversal value of the
first node; and

comparing the productive congestion metric determined

for the architectural space design with another produc-
tive congestion metric determined for another architec-
tural space design to identily a preferred architectural
space design.

12. The one or more non-transitory computer-readable
media of claim 11, wherein generating the space analysis
graph comprises:

generating a grid of nodes and a first set of edges, wherein

cach edge included 1n the first set of edges connects a
node 1n the grid of nodes to an adjacent node 1n the grnid
of nodes;

overlaying the grid of nodes and the first set of edges onto

the architectural space design;

removing one or more edges included 1n the first set of

edges that intersect one or more boundaries included 1n
the architectural space design;

generating a second set of edges, wherein each edge

included 1n the second set of edges connects a move-
ment source point mcluded 1n the architectural space
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design to a node 1n the grid of nodes adjacent to the
movement source point; and

generating a third set of edges, wherein each edge

included 1n the third set of edges connects a movement
sink point included in the architectural space design to
a node 1n the grid of nodes adjacent to the movement
sink point.

13. The one or more non-transitory computer-readable
media of claim 12, wherein the nodes in the grid of nodes are
spaced 1n accordance with a defined grid resolution.

14. The one or more non-transitory computer-readable
media of claim 11, wherein determining the traversal value
for the first node comprises:

determining, for a first movement source point included 1n

the space analysis graph, a shortest path in the space
analysis graph from the first movement source point to
a first movement sink point included in the space
analysis graph;

determiming that the first node 1s located along the shortest

path; and

in response, 1ncreasing the traversal value of the first

node.

15. The one or more non-transitory computer-readable
media of claim 14, wherein the increase of the traversal
value of the first node 1s weighted by a weight associated
with a pairing of the first movement source point and the first
movement sink point.

16. The one or more non-transitory computer-readable
media of claim 11, wherein determining the centroid of the
plurality of nodes comprises determining the centroid based
on at least coordinates of the first node, wherein the coor-
dinates of the first node are weighted by the traversal value
of the first node.

17. The one or more non-transitory computer-readable
media of claim 11, wherein determining the path within the
space analysis graph from the first node to the centroid
comprises determining a shortest path from the first node to
the centroid.

18. The one or more non-transitory computer-readable
media of claim 11, wherein the productive congestion metric
1s based on the length of the path from the first node to the
centroid.

19. The one or more non-transitory computer-readable
media of claim 18, wherein the length of the path from the
first node to the centroid 1s weighted by the traversal value
of the first node.

20. A system, comprising:

a memory that stores instructions, and

a processor that 1s coupled to the memory and, when

executing the instructions, 1s configured to:

generate a space analysis graph for the architectural
space design;

determine a traversal value for at least a first node of a
plurality of nodes included in the space analysis
graph;

determine a centroid of a node group comprising the
plurality of nodes;

determine a path within the space analysis graph from
at least the first node to the centroid;

determine a productive congestion metric for the archi-

tectural space design based on at least the path from
the first node to the centroid and the traversal value
of the first node; and

compare the productive congestion metric determined
for the architectural space design with another pro-
ductive congestion metric determined for another
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architectural space design to identify a preferred
architectural space design.
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